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Abstract: Fire safety of buildings has been recognised as very important by the 
building industry and the community at large. Traditionally, increased fire rating is 
provided by simply adding more plasterboards to light gauge steel frame (LSF) walls, 
which is inefficient. Many research studies have been undertaken to investigate the 
thermal behaviour of traditional LSF stud wall systems under standard fire conditions. 
However, no research has been undertaken on the thermal behaviour of LSF stud 
walls using the recently proposed composite panel. Extensive fire testing of both non-
load bearing and load bearing wall panels was conducted in this research based on the 
standard time-temperature curve in AS1530.4. Three groups of LSF wall specimens 
were tested with no insulation, cavity insulation and the new composite panel based 
on an external insulation layer between plasterboards. This paper presents the details 
of this experimental study into the thermal performance of non-load bearing walls 
lined with various configurations of plasterboard and insulation. Extensive descriptive 
and numerical results of the tested non-load bearing wall panels given in this paper 
provide a thorough understanding of their thermal behavior, and valuable time-
temperature data that can be used to validate numerical models. Test results showed 
that the innovative composite stud wall systems outperformed the traditional stud wall 
systems in terms of their thermal performance, giving a much higher fire rating.  
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Insulation, Standard fire tests, Thermal behavior, Fire rating. 
 
Corresponding author’s email address:  m.mahendran@qut.edu.au 
 
2 
 
1. Introduction 
Fire safety of cold-formed light gauge steel frame (LSF) stud wall systems is critical 
to the building design as their use has become increasingly popular in all areas of 
building construction. Partition wall panels composed of a cold-formed steel frame 
lined with one or two plasterboards are being widely used as they are very easy to 
assemble, thus improving the speed of construction. In Australia, plasterboard 
manufacturers provide fire resistance ratings of non-load bearing LSF stud wall 
systems. They prescribe steel stud walls with single or multiple plasterboard linings 
achieving fire resistance ratings, ranging from 60 to 120 minutes. These systems are 
based on full-scale fire tests using the standard fire curve recommended by AS1530.4 
[1] and ISO 834 [2]. With increasing demand for higher fire ratings of these walls, 
more than two layers of plasterboards are being prescribed, which not only make the 
construction process very laborious but also the resulting walls very heavy. 
Efforts have also been made to improve the fire ratings of the wall systems by using 
different types of insulations in the wall cavities, but contradicting results were 
obtained [3-12]. Sultan and Lougheed [10] performed several small scale fire tests of 
gypsum board clad steel wall assemblies (914 mm x 914 mm) using glass fibres, rock 
fibres and cellulose fibres as cavity insulation. They noted that the rock and cellulose 
fibre cavity insulations improved fire resistance rating by approximately 30 minutes 
when compared with non-insulated wall assemblies, whereas only a small benefit was 
noted for specimens using glass fibres. The cavity side of the exposed gypsum board 
of insulated wall assemblies heated up more rapidly reaching temperature levels of 
7000C much earlier in comparison to non-insulated wall assemblies. Following the 
calcination of exposed plasterboard, the exposed side of the cavity recorded higher 
temperatures in comparison to non-insulated wall assemblies. Sultan [11] conducted 
full scale fire resistance tests on non-load bearing gypsum board wall assemblies and 
noted that when rock fibre was used as cavity insulation the fire resistance rating 
increased by 54% over the non-insulated wall assembly. Use of glass fibre as cavity 
insulation did not affect the fire performance while cellulose fibre insulation reduced 
the fire resistance. Feng et al. [12] conducted fire tests on non-load bearing small 
scale wall systems and reported that the thermal performance of wall panels improved 
with the use of cavity insulation. 
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In summary, past research has produced contradicting results about the benefits of 
cavity insulation to the fire rating of stud wall systems and hence further research is 
needed. There is also a need to develop new LSF wall systems with increased fire 
rating. This paper introduces an LSF wall system with a new composite panel that 
uses a thin external insulation layer between the two plasterboards on each side of 
wall frames instead of cavity insulation. It then presents the details of a series of fire 
tests of non-load bearing walls, examines and compares their thermal performance, 
and makes suitable recommendations. 
2. Experimental Studies of LSF Walls 
2.1. Test Specimens 
Fire tests were conducted on nine small scale steel wall frame assemblies of 1280 mm 
width and 1015 mm height. The wall assemblies consisted of three commonly used 
cold-formed steel lipped channel section studs (90 x 40 x 15 mm) spaced at 500 mm. 
The studs were fabricated from G500 steel sheets with a nominal base metal thickness 
of 1.15 mm and a minimum yield strength of 500 MPa. Test frames were built by 
attaching the studs to the top and bottom tracks made of 1.15 mm G500 steel unlipped 
channel sections (92 x 50 mm) using 12 mm long self-drilling wafer head screws. Test 
specimens were built by lining the test frames with one or two layers of gypsum 
plasterboards (FireSTOP) manufactured by Boral Plasterboard [13]. The plasterboards 
used were 1280 mm in width and 1015 mm in height with a thickness of 16 mm and a 
mass density of 13 kg/m2. The nine wall specimens built were divided into four 
categories as shown in Table 1. Figure 1 shows the details of test specimens. 
2.2. Construction Details of Test Specimens 
 
Test Specimen 1 steel frame was lined on both sides by a single layer of plasterboard 
without any joints. The plasterboards were attached to the three studs by 25 mm long 
self-drilling bugle head screws at 300 mm centres and to the top and bottom tracks at 
250 mm centres. K type thermocouple wires were located on the steel frame, three on 
each stud at mid-height to measure the temperatures of the hot flange, web, and the 
cold flange. These thermocouples allowed the determination of the average stud 
temperatures and the temperature gradient across the stud at mid-height. Additional 
thermocouples were attached at the mid-height of the plasterboard to measure 
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temperatures inside the wall cavity and on the fire exposed surface. To measure the 
temperature of the ambient surface of the wall assembly, five more thermocouples 
were attached to the unexposed surface of the plasterboard, one thermocouple at the 
centre of the wall and one at the centre of each quarter section of the wall, giving a 
total of 20 thermocouples. Test Specimen 2 was identical to Test Specimen 1, but 
with a vertical joint in the exposed plasterboard located on the hot flange of the 
central stud. A screw spacing of 200 mm was adopted along each of the two 
plasterboard edges forming the joint. Test Specimen 3 was built with two plasterboard 
layers on each side. The base layer plasterboards were first attached to the three studs 
by 25 mm long self-drilling bugle head screws at 300 mm centres. The face layer 
plasterboards were then attached by 45 mm long self-drilling bugle head screws at 
300 mm centres and penetrating the studs midway between the base layer screws. 
Test Specimen 4 was built similar to Test Specimen 3, but with the cavity filled with 
two layers of 50 mm thick glass fibre mats of original density 13.88 kg/m3 
compressed to 90 mm thickness (cavity depth) giving the insulation a density of 15.42 
kg/m3. The cavities of the studs and tracks were also packed with insulation to 
eliminate any air pockets. Test Specimen 5 was built similar to Test Specimen 4, but 
with rock fibre of density 100 kg/m3 used as cavity insulation. Two 25 mm thick mats 
were placed in the cavity leaving a gap of 40 mm between the insulation and 
Plasterboard three (Figure 1). Test Specimen 6 was built similar to Specimens 4 and 
5, but with cellulose fibre wet sprayed into the cavity until it was filled. The 
calculated density of cavity cellulose insulation was 125 kg/m3. 
In Test Specimen 7, a layer of 25 mm thick glass fibre insulation of density 37 kg/m3 
was sandwiched between the two plasterboards, thus forming the proposed composite 
panels on either side of the steel frame. The face plasterboard layer was attached 
through the insulation layer to the base layer and the frame with 65 mm long drywall 
screws with bugle heads at 300 mm centres along the studs and 250 mm centres along 
the top and bottom edges connecting to the tracks. A total of 28 thermocouples 
including five on the ambient surface were used to measure the temperature profiles. 
Test Specimen 8 was built similar to Specimen 7, but with a 25 mm layer of rock fibre 
of 100 kg/m3 density used as insulation. Similarly Test Specimen 9 was built with a 
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25 mm cellulose fibre layer of 108 kg/m3 density as insulation. The fibre was wet 
sprayed to the base plasterboard layer and then covered by the face plasterboard. 
 
2.3. Test Set-up and Procedure 
 
The custom built adapter described in Kolarkar [14] was used to test the non-load 
bearing wall specimens. Fire tests were conducted by exposing one face of the 
specimens to heat in this propane-fired vertical furnace (Figure 2). The specimens 
were subjected to a heating profile based on the standard-time temperature fire curve 
in AS1530.4 [1]. The furnace temperature was measured using four thermocouples 
symmetrically placed about the horizontal and vertical centre lines and the average 
temperature of which was used by a software to control the furnace heat according to 
the standard time-temperature curve. Additional thermocouples were placed within 
the furnace to measure the chamber temperature. The average temperature of these 
thermocouples was used as furnace temperature in plotting the graphs. Specially 
designed clamps positioned at the top to hold the specimen allowed it to expand freely 
during the test. The vertical edges of the specimen were kept free to allow lateral 
deformations. All the gaps and openings around the specimen were sealed using 
Isowool. Three LVDTs were used to measure the mid-height lateral deflections of the 
studs while another LVDT was used to measure axial deformations. The failure of the 
non-load bearing specimens was based on the integrity and insulation criteria in [1]. 
The furnace and specimen temperatures were recorded using an automatic data 
acquisition system at one minute intervals. 
The wall assembly was deemed to have failed if anyone of the following occurred [1]: 
 A single point temperature on the unexposed surface of the specimen exceeded 
the ambient temperature by 1800C; 
 The average of the five thermocouples on the unexposed surface of the 
specimen exceeded the ambient temperature by 1400C 
 Passage of flame or smoke for a minimum duration of 10s through the 
unexposed surface of the specimen. 
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3. Observations, Results and Discussion 
3.1. Test Specimens 1 and 2 
Both specimens were exposed to fire for about three hours. At the end of both tests, 
both the exposed and ambient side plasterboards were severely affected, but did not 
fall off during the test. The ambient surface of the unexposed plasterboard displayed 
paper discolouration and folds indicating crack development. However, the studs were 
in good condition as seen in Figure 3. The joint in the exposed plasterboard of 
Specimen 2 opened up 5 to 10 mm over the stud height. 
3.1.1. Time-Temperature Profiles 
Figures 4(a) and (b) show the time-temperature profiles across Specimens 1 and 2. 
The steel stud temperatures remained in a very narrow band in Specimen 1 whereas a 
slight dispersion was seen in Specimen 2. The central studs were critical in both the 
specimens as they showed higher temperatures than the end studs. The temperature 
rise of the studs occurred in three phases. The first phase (the initial 7-8 minutes) 
showed a rapid rise in the stud temperatures to about 1000C. The second phase then 
started with the heating rate almost becoming zero due to the presence of free and 
chemically bound water in the gypsum plasterboard. The duration of this phase 
depends on the time required to vaporize and remove the water from the shielding 
plasterboard. The third phase (about 20 minutes for both specimens) started soon after 
the evaporation of water, leading to a rapid increase in stud temperatures. Both 
specimens followed the same pattern without showing any influence of the joint on 
the heating rates of the studs as seen in Figure 5. 
The opening of the vertical plasterboard joint, caused by the shrinkage of the gypsum 
plasterboard (calcination), appears to affect the central stud after the initial period 
(time required to weaken the joint) of 70 minutes of fire exposure, as until then the hot 
flange temperatures of both specimens were identical (Figure 5(b)). A sharp increase 
in the central stud temperature of Specimen 2 was seen with the deterioration and 
opening of the joint beyond this initial period (Figure 5(b) and Table 2). Table 2 
compares the central stud temperatures of both specimens. 
Despite the increase in the central stud temperatures in Specimen 2, the ambient side 
temperatures of both specimens remained almost identical until 130 minutes (Figure 
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6(a)). This implies that although the joint had begun to open after the initial period (70 
minutes) exposing the hot flange of the central stud in Specimen 2, the plasterboards 
at the joint had not detached from the screws. This allowed the plasterboards to 
remain attached to the studs and prevented any sudden ingress of furnace heat into the 
wall cavity (Figure 6(b)). 
3.1.2. Specimen Behavior and Wall Failure 
Lateral deflections of both specimens showed the same pattern with larger central stud 
deflections. After the initial 20 minutes of protection offered to the studs by the single 
plasterboard, the hot flange temperatures rose sharply creating a temperature gradient 
across the stud height and associated thermal bowing. The lateral deflection profiles 
of the central stud in both specimens shown in Figure 7 are almost identical implying 
limited effect of the joint. The small lateral deflections were towards the furnace for 
both specimens with a maximum of 2.75 mm after 45 minutes. 
Insulation failure of Specimens 1 and 2 occurred at 89 and 92 minutes, respectively. 
At this time the average temperature of the unexposed plasterboard surface of test 
specimens exceeded the ambient temperature of 300C by 140 0C. 
3.1.3. Main Findings 
A single layer of 16 mm plasterboard on the fire side provided an initial protection of 
about 20 minutes to the studs after which the stud temperatures increased rapidly. Test 
Specimen 1, although built without joints in the plasterboard, did not show any 
improvement in the fire rating when compared with Specimen 2 built with a vertical 
central joint in the exposed plasterboard. Test Specimen 2 had failed by insulation 
before the effect of the joint could be noticed on its ambient surface. However, the 
vertical joint is likely to reduce the fire rating of load bearing walls as the rapidly 
rising temperatures in the studs is likely to cause their premature structural failures. 
3.2. Test Specimens 3 to 6 
Test Specimen 3 (no cavity insulation), Test Specimen 4 (glass fibre as cavity 
insulation), Test Specimen 5 (rock fibre as cavity insulation) and Test Specimen 6 
(cellulose fibre as cavity insulation) were subjected to fire for about three hours. 
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Inspection after the test showed that Plasterboards 1 and 2 in Specimen 3 were still 
intact whereas they had partially fallen off in Specimens 4-6. They collapsed due to 
their extreme brittleness while they were removed from the furnace. Plasterboard 3 in 
Specimen 3 was not as severely damaged as it was in Specimens 4-6. The cavity 
insulations of Specimens 4 and 6 were completely burnt with only traces of cellulose 
fibre ashes in Specimen 6, whereas the rock fibre insulation in Specimen 5 was still 
visible despite losing its integrity. Studs of Specimen 3 were in good condition 
whereas those in the cavity insulated specimens were severely damaged, in particular 
those in Specimen 6 (Figures 8 and 9). The unexposed surface of all the specimens 
showed no signs of damage. 
3.2.1. Time-Temperature Profiles 
a) Plasterboard Surfaces 
Figures 10(a) to (d) show the time-temperature profiles of plasterboard surfaces in 
Test Specimens 3 to 6.  
i) Average temperature of the interface between the exposed Plasterboards 1 and 2 
(Pb1-Pb2) 
The temperature increased in three phases in all the specimens from about four 
minutes. In the first phase they showed a sharp temperature rise from ambient to 800C 
beyond which the temperature did not increase much (second phase) due to the 
hydration of the exposed plasterboard with the temperature gradually increasing to 
1200C after 20 minutes. By this time all the free and chemically bound water was 
probably lost with the gypsum board starting to dry and shrink developing and 
propagating fine shrinkage cracks. Beyond 20 minutes (third phase) all the specimens 
showed a sharp increase in the temperature of the interface (Pb1-Pb2), which 
continued until the end, except in Specimen 3 where the temperature rise became 
gentler after reaching 7400C at 90 minutes. After 130 minutes the interface 
temperature in Specimen 3 reached 8000C whereas this temperature was reached 40 
minutes earlier by the cavity insulated specimens. This sustained rise in the 
temperature of the interface in cavity insulated specimens was due to the heat being 
blocked and redirected to the exposed plasterboards by the cavity insulation. 
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The exposed plasterboard (Pb1) must have fallen off from Specimens 4-6 after 132, 
124 and 137 minutes as seen in the sudden rise in the interface temperature. In 
Specimen 3 the increase in temperature gradient after 180 minutes indicates the loss 
of integrity of Pb1. The temperature of the interface (Pb1-Pb2) was between 900 and 
10000C in all the specimens when Pb1 started to disintegrate. 
ii) Average temperature on the cavity facing surface of the exposed Plasterboard 2 
(Pb2-Cav or Pb2-Ins) 
An initial increase in temperature (Phase 1) was followed by a much longer plateau 
(Phase 2) extending to 60 minutes in Specimen 3 and 55 minutes in the cavity 
insulated specimens. The temperature was under 1200C at the end of the plateau. In 
Specimen 3 the plateau was followed by a gradual temperature rise (Phase 3), 
reaching 4000C after 115 minutes. Specimens 4 and 5 showed a rapid rise in 
temperature from 55 to 70 minutes with the temperature crossing 4000C beyond 
which it became gentler (but much steeper than in Specimen 3). In Specimen 4 the 
temperature reached 7000C in 124 minutes and crossed 10000C by 170 minutes 
whereas in Specimen 5, it reached 7000C in 120 minutes and crossed 10000C by 145 
minutes. Specimen 6 also showed a rapid temperature increase from 55 to 75 minutes 
reaching 4100C beyond which it rose gradually to 7000C by 140 minutes. This was 
followed by a very rapid rise to 10000C by 155 minutes. 
The temperature in Specimen 3 did not rise as rapidly as in cavity insulated specimens 
since in Specimen 3 the base layer plasterboard on the fire side was allowed to lose 
heat via radiation in the empty cavity. The fast passage of heat across the cavity and 
into Plasterboard 3 which served as a heat sink to the fire side plasterboard checked its 
temperature escalation. In contrast, in Specimens 4-6, the cavity insulation due to its 
very low conductivity was blocking the heat flow and redirecting it back to the cavity 
facing surface of the exposed plasterboard. This forced a sharp and sustained rise in 
its surface temperature. Fastest temperature rise was noted in Specimen 5 with rock 
fibre cavity insulation whereas it was nearly the same in Specimens 4 and 6. 
Specimens 5 and 6 showed a rise in temperature gradient of Pb1-Pb2 after 124 and 
137 minutes, which coincides with the fall off times of Pb1. The fall off times of Pb2 
in Specimens 4-6 appears to be 148, 145 and 146 minutes as seen in the sharp 
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temperature rise of Pb2-Cav. However, Plasterboard 2 in Specimen 3 was intact 
throughout the test. 
iii) Average temperature on the cavity facing surface of the ambient side Plasterboard 
3 (Pb3-Cav or Pb3-Ins) 
In Specimen 3 the initial temperature rise almost coincided with that of Pb2-Cav 
surface due to the fast heat transmission via radiation across the cavity. The plateau 
extended to 65 minutes (compared to 60 minutes on Pb2-Cav surface) reaching 
1280C. The time-temperature profile of Pb3-Cav surface followed the corresponding 
profile of Pb2-Cav very closely but with a slight lag that never exceeded 700C. 
In Specimen 4 the initial temperature rise on Pb3-Ins (Pb3-Cav) surface started 6 
minutes after the initial rise on Pb2-Ins (Pb2-Cav) surface due to the protection 
offered by the cavity insulation. The plateau extended to 66 minutes (11 minutes 
longer than Pb2-Cav surface). It was followed by a gradual temperature rise to 2800C 
after 124 minutes while the Pb2-Cav surface reached 7000C. The disintegration of the 
glass fibre insulation must have started at 7000C as the Pb3-Cav side started recording 
a very rapid temperature rise to 7850C by 153 minutes and crossing 10000C by 170 
minutes. At this point the glass fibre insulation must be considered absent as the Pb3-
Cav and Pb2-Cav curves merged. It took 29 minutes for the insulation to become 
totally ineffective after the first sign of disintegration was noted at 124 minutes. 
In Specimen 5 the temperature started rising with an 8 minute delay, reaching 760C by 
75 minutes. From 75 to 130 minutes the temperature rose gradually, reaching 2260C 
by 130 minutes when the temperature on the Pb2-Cav surface was 8500C, ie. a 
difference of 6240C across the cavity. This temperature difference was maintained 
until 145 minutes, beyond which it was reduced with decreasing insulation integrity. 
The time-temperature curve of Pb3-Ins crossed 10000C at 170 minutes before merging 
with that of Pb2-Cav. Disintegration of rock fibre insulation started after 145 minutes 
and took 25 minutes to become totally ineffective. 
In Specimen 6, the temperature started rising with a 9 minute delay and reached 980C 
by 94 minutes. This plateau was the longest when compared with 66 minutes of 
Specimen 4 and 75 minutes of Specimen 5, indicating the superior initial insulating 
properties of cellulose fibre over others. Beyond 94 minutes the temperature rose 
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gradually to 2150C at 110 minutes when the Pb2-Cav surface temperature was 6300C 
giving a temperature difference of 4150C across the cavity. A very sharp temperature 
rise was noticed beyond 145 minutes reaching 10000C in less than 10 minutes before 
merging with the Pb2-Cav curve. The cellulose fibre cavity insulation was intact for 
145 minutes beyond which it disintegrated in 10 minutes in comparison with 29 and 
25 minutes taken by glass and rock fibre insulations. 
iv) Average temperature on the ambient side of unexposed Plasterboard 3             
(Pb3-Pb4) 
Specimen 3 showed a plateau until 131 minutes beyond which it rose very gradually 
to 2200C by 170 minutes. Specimen 4 showed a plateau until 144 minutes beyond 
which it rose very rapidly crossing 7000C by 187 minutes. Specimens 5 and 6 showed 
a plateau until 160 minutes beyond which the graphs showed a sharp rise crossing 
7000C by 196 and 187 minutes, respectively. The gradual temperature rise of Pb3-Pb4 
surface in Specimen 3 was because the fire side plasterboards were still intact without 
losing their integrity whereas the rapid temperature rise in the cavity insulated 
specimens was due to the extreme damage suffered by the fire side plasterboards due 
to their accelerated calcination caused by the redirected heat from the cavity 
insulation. This led to the early collapse of the fire side plasterboards and the 
subsequent quick disintegration of the cavity insulation, leaving the ambient side 
plasterboards to face the full impact of fire. 
v) Average temperature on the ambient side of unexposed Plasterboard 4 
The average temperature on the ambient surface of the cavity insulated specimens was 
only marginally lower than that recorded by Specimen 3 until about 130-150 minutes 
beyond which the cavity insulated specimens showed a sharper temperature rise 
following the disintegration of the fire side wall components. 
b) Steel Surfaces 
Figures 11(a) to (d) show the time-temperature profiles of steel studs in Specimens 3 
to 6. The first phase of initial rapid temperature gain to about 1000C occurred in the 
studs of all the specimens in the first 20 minutes. This was followed by the second 
phase when the temperature gradient became almost zero for 60 minutes in Specimen 
3 and 50 minutes in Specimens 4-6. The length of this plateau depended upon the time 
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to evaporate the water in the two external plasterboards. Following this the stud 
temperatures (Phase 3) increased rapidly in all the specimens until the end. 
The steel stud temperatures depended upon the Pb2-Cav surface temperature history. 
Specimen 3 studs received heat from this surface by conduction, convection (hot air 
movement within wall cavity) and by direct radiation. In Specimens 4-6 with cavity 
insulation, the heat was transferred to the studs from the plasterboard surface by 
conduction alone through steel and insulation. As the heat transfer via radiation is the 
fastest, Specimen 3 studs had a more uniform temperature gradient across its height 
compared to the large temperature variations in the cavity insulated wall specimens. 
The large temperature gradients across the studs in cavity insulated specimens was 
due to the low conductivity of the cavity insulation, which reduced the heat flow 
towards the cold flanges and accelerated the temperature rise of the hot flanges. This 
caused the hot flanges of the studs in cavity insulated specimens to heat up rapidly 
than those of Specimen 3. The hot flange of Specimen 5 with rock fibre cavity 
insulation heated up the fastest whereas Specimen 6 with cellulose fibre cavity 
insulation was the slowest. Specimen 3 with no cavity insulation showed the best 
results with the studs remaining at much lower temperatures than in the cavity 
insulated specimens. In the cavity insulated specimens the sudden rise in the stud 
temperatures was observed within few minutes of the partial collapse of Pb1 and the 
severe calcination and cracking of Pb2. As the plasterboards of Specimen 3 were 
intact throughout the test, the studs always had a gradual temperature rise. The 
maximum stud temperature was very high at 12000C in cavity insulated specimens as 
opposed to only 5500C in Specimen 3. This is why severe damage and burn-out was 
observed in the studs as shown in Figure 9. 
The central studs showed higher temperatures than the end studs since the latter could 
dissipate heat into the atmosphere faster. Table 3 shows the times taken by the central 
stud hot flanges of Specimens 3 to 6 to attain temperatures ranging from 400 to 
7000C. This again demonstrates the effect of cavity insulation.  
Figure 12 shows the time-temperature graphs of both plasterboards and studs in 
Specimens 3 to 6. Stud temperatures used here are the average temperatures of the 
three studs. 
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3.2.2. Specimen Behaviour and Wall Failure 
Figures 13(a) to (d) show the graphs of lateral deflection and axial deformation of 
studs with time. Specimen 3 moved away from the furnace to a maximum lateral 
deflection of 4 mm at 190 minutes. Unlike Specimen 3 for which the temperature 
gradient of stud was small, the cavity insulated specimens deformed towards the 
furnace with the maximum central stud lateral deflections of 3.7, 5.5 and 5.6 mm, 
respectively. The central stud deflections reversed sharply past these points in the 
cavity insulated specimens. This was induced by the higher temperatures in the hot 
flanges leading to the loss of their strength and stiffness and thus undergoing local and 
flexural buckling and/or deformations. For larger non-load-bearing walls this is 
expected to occur earlier due to the more slender studs and the larger self-weight. 
Table 4 shows the times when the different portions of the wall were severely affected 
contributing to the failure. All the specimens were stable with the ambient side 
temperature well below the insulation failure temperature of 1650C throughout the 
test, i.e. no insulation failure. If the reversal of the lateral deformations of the studs is 
considered as the failure of steel frames caused by the softening and consequent local 
buckling of hot flanges, then the failure times of Specimens 4-6 are 125, 145 and 145 
minutes (Table 4). Specimen 3 showed no signs of failure until the end. 
3.2.3. Main Findings 
1) Two layers of 16 mm FireSTOP gypsum plasterboard used in a non-load bearing 
wall construction provided about 60 minutes of initial protection to the steel frames. 
This period is more than twice that of a single board (20 minutes). 
2) Heat transfer in the cavity of walls without insulation took place via conduction, 
convection and radiation. As a result of the faster transmission of heat mostly through 
radiation, the temperatures across the stud cross-sections were generally uniform, 
thereby resulting in reduced thermal bowing. 
3) Use of cavity insulation was detrimental to the fire rating of walls. It not only led to 
higher temperatures in the steel studs, but also to larger temperature gradients across 
their depth and increased thermal bowing effects. 
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4) Cavity insulated specimens were seen to bow initially towards the furnace. The 
lateral deflections reversed sharply with the hot flanges undergoing local buckling. 
5) Among the three types of cavity insulations, rock fibre developed the maximum 
temperature gradient across the studs whereas cellulose fibre developed the minimum. 
The hot flange temperatures in the specimen using rock fibre insulation were more 
than in other specimens at any given time. 
6) The heat trapped in the cavity by the insulation led to extensive stud damage in 
cavity insulated specimens. This was in contrast to the relatively good condition of the 
studs in Specimen 3 without any cavity insulation. 
7) The exposed plasterboard started to disintegrate and fall-off when the interface 
temperature (Pb1-Pb2) was between 900 and 10000C. 
 
3.3. Test Specimens 7 to 9 
Exposed Plasterboards 1 and 2 in all three specimens fell off completely while the 
insulation layer between the exposed plasterboards was consumed by the furnace heat 
(Figure 14) except for small pieces of rock fibre insulation. The base layer 
plasterboard on the ambient side (Pb3) had also collapsed in the middle of all the 
specimens. The ambient side plasterboard (Pb4) was still intact except for some 
cracking. The unexposed side showed no signs of damage or discolouration. Traces of 
glass fibre and cellulose fibre insulations could be seen along the periphery between 
Pb3 and Pb4. Rock fibre insulation was intact on one half of Specimen 8. 
The central stud in Specimen 9 using cellulose fibre insulation showed the maximum 
damage. The long heat-softened screws used to hold the external plasterboards were 
bent due to the weight of these plasterboards. The yielding of these screws also might 
have accelerated the collapse of external plasterboards. 
3.3.1. Time-Temperature Profiles 
a) Plasterboard Surfaces 
Figures 15(a) to (c) show the time-temperature profiles of plasterboard surfaces in 
Test Specimens 7 to 9.  
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i) Average temperature of the interface surface between the exposed Plasterboard 1 
and Insulation (Pb1-Ins) 
Similar to the cavity insulated specimens, the first phase displayed a sharp increase in 
temperature reaching 800C in less than 2 minutes, after which the temperature 
increased gradually to 1200C by 18 minutes. In Specimen 9, using cellulose 
insulation, the second phase lasted only 12 minutes. The third phase was much 
different than the cavity insulated specimens. Unlike the cavity insulated specimens 
which displayed an almost constant temperature gradient until failure, the temperature 
gain was very rapid until 34 minutes in Specimens 7 and 8 reaching 5500C and 23 
minutes in Specimen 9 reaching 4500C, beyond which the graph became very gentle 
with the temperature in Specimens 7 to 9 crossing 8000C after 145, 115 and 125 
minutes. The initial steep rise in temperature in the third phase was due to the heat 
being blocked and redirected by the following layer of insulation. The fall off times 
(partial or complete) of Plasterboard 1 in Specimens 7 to 9 were considered to be 167, 
145 and 125 minutes as the temperature after these times showed a sudden rise, 
merging with the fire side curve. 
ii) Average temperature of the interface between the insulation and exposed base 
layer Plasterboard 2 (Ins-Pb2) 
This interface in all the specimens responded to the initial rise in temperature (Phase 
1) in 4 minutes, reaching 800C rapidly and then remained almost constant (second 
phase) until 22 minutes in Specimens 7 and 8. In Specimen 9 however the second 
phase lasted only until 15 minutes. The rate of temperature rise in the third phase was 
almost uniform in Specimen 7 for 85 minutes, beyond which it showed a sudden 
increase. This was due to the rapid disintegration of the glass fibre insulation as the 
temperature on the Pb1-Ins interface reached 7000C. From 85 to 95 minutes most of 
the glass fibre insulation would have burnt out. Beyond 95 minutes the rate of 
temperature rise became constant until 151 minutes during which time the insulation 
must have been totally consumed as the graph of Ins-Pb2 merged with that of Pb1-Ins. 
In Specimen 8, the rate of temperature rise was uniform until 165 minutes beyond 
which a sudden rise in temperature was noticed due to the collapse of Pb1 after 145 
minutes. A temperature difference of approximately 2000C between the two sides of 
the insulation (Pb1-Ins and Ins-Pb2) indicated that the rock fibre insulation was still 
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intact and functional until 180 minutes, beyond which it began to lose its integrity. 
Specimen 9 showed a change in the rate of temperature rise, becoming gentler after 23 
minutes. It continued with a uniform rate until 125 minutes beyond which it rose 
sharply, suggesting both the collapse of Pb1 and the insulation disintegration. 
iii) Average temperature on the cavity facing surface of the exposed Plasterboard 2 
(Pb2-Cav) 
The initial temperature rise was followed by a plateau extending to 84, 90 and 70 
minutes in Specimens 7 to 9 (compared with 55 mins in cavity insulated specimens). 
This extended period for the second phase was due to the additional protection offered 
by the insulation placed between the two external plasterboards. Specimen 7 had 
almost a uniform temperature gradient until 173 minutes beyond which it increased 
due to external plasterboard fall-off and insulation disintegration. The sudden 
temperature rise at 198 minutes implies the falling off of Pb2 on the fire side. 
Specimen 8 also observed an almost uniform temperature gradient until 200 minutes 
beyond which it rose sharply suggesting the collapse of Pb2. Specimen 9 showed a 
change in gradient (steeper) at 131 minutes due to the collapse of external 
plasterboard and cellulose fibre insulation at 125 minutes. Beyond 163 minutes there 
was a further increase in the temperature gradient implying a breach in the base layer 
Pb2, followed by its collapse. 
iv) Average temperature on the cavity facing surface of Plasterboard 3 (Pb3-Cav) 
In the absence of insulation, the heat transmission across the cavity by radiation was 
rapid, forcing the Pb3-Cav surface to heat up almost instantaneously and trace very 
closely on the underside of the Pb2-Cav time-temperature profile with the maximum 
temperature difference between them being 290C, 500C and 580C in Specimens 7 to 9. 
v) Average temperature of the interface surface between Plasterboard 3 and 
insulation (Pb3-Ins) 
The initial temperature rise occurred after 12, 11 and 18 minutes in Specimens 7 to 9. 
The temperatures increased gradually reaching 1000C and remained almost constant 
until 130, 150 and 135 minutes in Specimens 7 to 9, beyond which in the third phase 
the temperatures increased rapidly. In Specimens 7 to 9, a sharp increase in 
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temperature gradient was noted after 200, 204 and 168 minutes, indicating the 
possible breaching of Pb3. In Specimen 9, the change in gradient at 168 minutes is not 
large suggesting that cracks developed in Pb3 at this stage might not have been very 
severe but progressed and widened rapidly leading to the collapse after 184 minutes. 
vi) Average temperature of the interface between the insulation and Plasterboard 4 
(Ins-Pb4) 
The time-temperature graphs in the three specimens followed very closely, but on the 
underside of the Pb3-Ins graph. The initial temperature rise was followed by a plateau 
which lasted for 140, 175 and 145 minutes in Specimens 7 to 9. 
In Specimen 7, the plateau was followed by a gradual temperature rise until 200 
minutes giving a temperature difference of 2000C on either side of glass fibre 
insulation. Beyond 200 minutes the insulation disintegrated very rapidly due to the 
steep increase in the temperature of the ambient side of Pb3. This led to a sharp 
temperature rise after 204 minutes on the Ins-Pb4 interface. In Specimen 8, the 
temperature rise following the plateau was very gentle until 205 minutes, with a 
temperature difference of 4000C across the insulation. After 210 minutes the rock 
fibre insulation must have lost its integrity as the temperature of the Ins-Pb4 interface 
increased suddenly from 1870C to 7000C and merged with the temperature profile of 
Pb3-Ins. In Specimen 9, the constant temperature plateau lasted 145 minutes. The 
cellulose fibre insulation was intact until 180 minutes as it maintained an almost 
stable temperature difference of 2000C between the ambient side of Pb3 and fire side 
of Pb4. After 185 minutes the temperature of Pb3-Ins reached 7500C, leading to the 
burning of insulation. A quick rise in the Ins-Pb4 interface temperature and merging 
with the Pb3-Ins profile occurred, implying a total insulation loss. The temperature-
time profile of the Ins-Pb4 interface in Specimen 8 with rock fibre insulation was the 
lowest when compared to Specimens 7 and 9. This clearly indicates the superior 
insulating properties of rock fibre insulation over other insulations. 
vii) Average temperature on the ambient side of unexposed Plasterboard 4 
The average temperature on the unexposed surface was below 1000C in all three 
specimens. This shows that the failure of these wall specimens would be due to 
structural failures of steel frames instead of thermal insulation failures. 
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b) Steel Surfaces 
Figure 16 shows that the temperature profiles of hot flanges, webs and cold flanges 
are in a narrow band unlike those seen in the cavity insulated specimens. This was due 
to the quick transmission of the heat across the cavity by radiation leading to a more 
uniform temperature variation across the studs. The initial temperature rise in all the 
specimens lasted 20 minutes, which was followed by a period of almost constant 
temperature until 70 minutes for Specimens 7 and 9. However, the plateau in 
Specimen 8 using rock fibre insulation extended to 80 minutes. 
In the third phase following the plateau, the stud temperatures increased sharply after 
200 minutes for Specimens 7 and 8 when Pb2 in these specimens fell off. In Specimen 
9 the temperature gradients became sharp after 160 minutes which was consistent 
with the fall off of Pb2 at 163 minutes. Akin to the cavity insulated specimens, the 
central studs recorded higher temperatures than the end studs. Table 5 shows the times 
taken by the central stud hot flanges of Specimens 7 to 9 to attain temperatures 
ranging from 4000C to 7000C. 
The hot flange of Specimen 9 (cellulosic fibre external insulation) was the fastest to 
heat up whereas Specimen 8 (rock fibre external insulation) was the slowest. 
Specimen 8 gave the best results as the rock fibre insulation effectively maintained the 
steel temperatures lower than other specimens for a longer period and displayed better 
insulating properties than cellulose and glass fibres. Figure 17 shows the time-
temperature graphs of both plasterboard and steel surfaces. Steel temperatures used 
are the average temperatures of the three studs. 
3.3.2. Specimen Behaviour and Wall Failure 
Specimen 7 started exhibiting slight deformations after 2 hours, and was seen to bow 
away from the furnace with the lateral deformation reaching 5.8 mm in 213 minutes 
(Figure 18). The axial deformation was not significant until 140 minutes. Specimen 8 
showed no significant lateral or axial deformations. The maximum axial shortening 
was 2 mm when the maximum lateral deformation of 1 mm was reached. Specimen 9 
displayed delayed lateral bowing towards the furnace with the central stud reaching a 
maximum of 6.2 mm after 188 minutes when the axial deformation was 9 mm. 
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Table 6 shows the times when the different portions of the wall were severely affected 
contributing to the failure. The ambient side of the plasterboard in Specimens 7-9 
showed no signs of exceeding the insulation failure temperature during the three-hour 
tests. For all practical purposes the failure of Plasterboard 2 would suggest the 
commencement of wall failure as the steel stud temperatures would rise quickly 
leading to the failure of LSF walls. 
3.3.3. Main Findings 
1) Use of external insulation resulted in a near uniform temperature distribution across 
the stud cross-sections, thereby reducing thermal bowing, and greater thermal 
protection to the stud walls. 
2) The difference in temperature of the individual studs in the externally insulated 
specimens was not significant as the radiation of heat in an open cavity is very fast. 
This would help in reducing the increase in internal stresses within the frame. 
3) The wall can be considered to have failed when the studs reverse in lateral 
deformation or when the external plasterboards collapse, whichever occurs first. 
 
4. Conclusions 
This paper has presented the details of an experimental study of the thermal 
performance of light gauge cold-formed steel frame (LSF) stud wall systems used as 
non-load bearing walls. It included the details of nine small scale wall models built 
and fire tested to investigate the thermal performance of conventional LSF stud wall 
systems with and without the use of cavity insulation and the innovative LSF stud 
wall systems using composite panels. The composite panels offered greater thermal 
protection to the studs when compared to the conventionally built non-load bearing 
wall models. The use of cavity insulation regardless of the type and density of 
insulation was found to lower the fire rating of LSF walls. Rock fibre was identified 
to have the maximum detrimental effect on the fire performance of non-load bearing 
walls when used as cavity insulation.  
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This paper has also identified and discussed the deficiencies in the conventional stud 
wall systems. Using valuable time-temperature data and physical observations, it has 
provided significantly improved understanding and knowledge of the thermal 
behavior of LSF walls under standard fires. It has also eliminated the confusion 
surrounding the contradicting past research results on the benefits of cavity insulation. 
Time-temperature measurements from the tests clearly demonstrated the superior 
thermal and fire performance achieved by the use of composite panels. This research 
has paved the way for Australian building industries to develop new LSF stud wall 
systems based on the new composite panels proposed in this research with increased 
fire rating for commercial applications worldwide. 
Acknowledgements 
The authors would like to thank Australian Research Council for their financial 
support and the Queensland University of Technology for providing the necessary 
facilities and support to conduct this research project.  
 
References 
 
[1] Standards Australia (SA) (2005), AS 1530.4, Methods for Fire Tests on Building 
Materials, Components and Structures, Part 4: Fire Resistance Tests of Elements 
of Building Construction, Sydney, Australia. 
 
[2] ISO 834 (1999), Fire Resistance Tests – Elements of Building Construction, 
International Organisation for Standardisation, Switzerland.  
 
[3] Alfawakhiri, F., Sultan, M.A. and MacKinnon, D.H. (1999), Fire Resistance of 
Load Bearing Steel Stud Walls Protected with Gypsum Board, Journal of Fire 
Technology, Vol. 35, pp. 308-335. 
 
[4] Cooper, L.Y. (1997), The Thermal Response of Gypsum-Panel/Steel Stud Wall 
Systems Exposed to Fire Environments – A Simulation for the use in Zone-Type 
Fire Models, NIST Report NISTIR 6027, Building and Fire Research Laboratory, 
National Institute of Standards and Technology, Gaithersburg, USA. 
21 
 
[5] Gerlich, J.T. (1995), Design of Loadbearing Light Steel Frame Walls for Fire 
Resistance, Fire Engineering Research Report 95/3, University of Canterbury, 
Christchurch, New Zealand. 
 
[6] Mehaffy, J.R., Cuerrier, P. and Carisse, G. (1994), A Model for Predicting Heat 
Transfer through Gypsum-Board/Wood-Stud Walls Exposed to Fire, Fire and 
Materials, Vol. 18, pp. 297-305. 
 
[7] Thomas, G.C. (1997), Fire Resistance of Light Timber Framed Walls and Floors, 
Fire Engineering Research Report 97/7, University of Canterbury, Christchurch, 
New Zealand. 
 
[8] Thomas, G.C. (2010), Modelling Thermal Performance of Gypsum Plasterboard-
lined Light Timber Frame Walls using SAFIR and TASEF, Fire and Materials, 
Accepted, DOI: 10.1002/fam.1026. 
 
[9] Takeda, H. and Mehaffy, J.R. (1998), Wall 2D: A Model for Predicting Heat 
Transfer Through Wood-Stud Wall Exposed to Fire, Fire and Materials, Vol.22, 
pp. 133-140. 
 
[10] Sultan, M.A., and Lougheed, G.D., (1994), The Effect of Insulation on the Fire 
Resistance of Small-Scale Gypsum Board Wall Assembiles, Proceedings of the 
3rd International Conference on Fire and Materials, London, UK, pp. 11-20.  
 
[11] Sultan, M. A. (1995), Effect of Insulation in the Wall Cavity on the Fire 
Resistance Rating of Full-Scale Asymmetrical (1 x 2) Gypsum Board Protected 
Wall Assemblies, Proceedings of the International Conference on Fire Research 
and Engineering, Orlando, FL, Lund D. P. (Ed.), Society of Fire Protection 
Engineers, Bostan, MA, pp. 545-550. 
 
[12] Feng, M., Wang, Y.C. and Davies, J.M. (2003), Thermal Performance of Cold-
formed Thin-walled Steel Panel Systems in Fire, Fire Safety Journal, Vol. 38, pp. 
365–394. 
 
22 
 
[13] Boral Pty. Ltd. (2009), Plasterboard Product Manual, Sydney, Australia. 
 
[14] Kolarkar, P. (2010), Structural and Thermal Performance of Cold-formed Steel 
Stud Wall Systems under Fire Conditions, PhD Thesis, Queensland University of 
Technology, Brisbane, Australia. 
23 
 
 
 
(a) Test 1 
 
 
(b) Test 2 
 
 
(c) Test 3 
  
(d) Tests 4 to 6 
 
(e) Tests 7 to 9 
 
Figure 1: Details of Test Specimens 
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Figure 2: Test Specimen in the Specially Built Adapter of the Large Furnace 
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(a) Test Specimen 1 
 
 
 
(b) Test Specimen 2 
(Exposed plasterboard fell-off after the test during handling) 
Figure 3: Test Specimens 1 and 2 after the Fire Test 
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 (a) Test Specimen 1 (No joints in plasterboard) 
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(b) Test Specimen 2 (With a joint in Pb1 over the central stud) 
Note: 
AS 1530.4: Cellulosic fire curve (standard time-temperature curve) in [1] 
Furnace: Average time-temperature curve followed by the furnace 
FS: Average time-temperature profile of the exposed surface of Plasterboard 1 
HF: Average time-temperature profile of the hot flanges 
Web: Average time-temperature profile of the webs 
CF: Average time-temperature profile of the cold flanges 
Pb1-Cav: Average time-temperature profile of the cavity facing surface of Plasterboard 1 
Pb2-Cav: Average time-temperature profile of the cavity facing surface of Plasterboard 2 
Amb: Average time-temperature profile of the unexposed surface of the wall 
Figure 4: Time-Temperature Profiles for Test Specimens 1 and 2  
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(a) Stud 1 
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(b) Stud 2  
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(c) Stud 3  
Figure 5: Time–Temperature Profiles of the Flanges in Studs 1 to 3 of Test 
Specimens 1 and 2 
Sp1-S1/2/3HF: Time-temperature profile of the hot flange of Stud 1/2/3 in Specimen 1 
Sp 1-S1/2/3CF: Time-temperature profile of the cold flange of Stud 1/2/3 in Specimen 1 
Sp2-S1/2/3HF: Time-temperature profile of the hot flange of Stud 1/2/3 in Specimen 2 
Sp 2-S1/2/3CF: Time-temperature profile of the cold flange of Stud 1/2/3 in Specimen 2 
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(a) Unexposed Surface (average)  
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(b) Cavity Facing Surface  
Figure 6: Time-Temperature Profiles of Specimens 1 and 2 
Note: Sp1/2 Pb2-Cav: Average time-temperature profile on the cavity facing surface 
of Plasterboard 2 
Sp1/2-Amb: Average time-temperature profile on the ambient surface of Specimen 1/2 
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Figure 7: Lateral Deflections of the Central Studs in Test Specimens 1 and 2 
Note: Sp1/2-S2: Lateral deflection profile of Stud 2 (central stud) in Specimen 1/2 
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Figure 8: Test Specimen 3 after the Fire Test (No Cavity Insulation) 
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(a) Test Specimen 4 (Glass Fibre Cavity Insulation) 
 
(b)Test Specimen 5 (Rockwool as Cavity Insulation) 
 
 
(c) Test Specimen 6 (Cellulose as Cavity Insulation) 
Figure 9: Test Specimens 4 to 6 after the Fire Test  
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(a) Test Specimen 3 (No Cavity Insulation) 
 
(b) Test Specimen 4 (Cavity Insulation – Glass Fibre) 
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(c) Test Specimen 5 (Cavity Insulation - Rockwool) 
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(d) Test Specimen 6 (Cavity Insulation – Cellulose Fibre) 
Figure 10: Time-Temperature Profiles of Plasterboard Surfaces in Test Specimens 3 to 6 
 
 
 
Note: Pb1-Pb2: Average time-temperature profile of the interface between Plasterboards 1 and 2 
Pb3-Pb4: Average time-temperature profile of the interface between Plasterboards 3 and 4 
Pb2-Ins: Average time-temperature profile of the interface between Plasterboard 2 and insulation 
Ins-Pb3: Average time-temperature profile of the interface between insulation and Plasterboard 3 
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(a) Test Specimen 3 (No Cavity Insulation) 
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(b) Test Specimen 4 (Cavity Insulation – Glass Fibre) 
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Time (min)
Te
m
pe
ra
tu
re
 (
o C
)
S1-HF
S2-HF
S3-HF
S1-W
S2-W
S3-W
S1-CF
S2-CF
S3-CF
 
(c) Test Specimen 5 (Cavity Insulation - Rock Fibre) 
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(d) Test Specimen 6 (Cavity Insulation – Cellulose Fibre) 
Figure 11: Time-Temperature Profiles across Studs in Test Specimens 3 
to 6 
 
Note: S1/2/3-HF: Time-temperature profile followed by the hot flange of Stud 1/2/3 
S1/2/3-W: Time-temperature profile followed by the web of Stud 1/2/3 
S1/2/3-CF: Time-temperature profile followed by the cold flange of Stud 1/2/3 
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(a) Test Specimen 3 (No Cavity Insulation) 
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(b) Test Specimen 4 (Cavity Insulation – Glass Fibre) 
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(c) Test Specimen 5 (Cavity Insulation - Rock Fibre) 
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(d) Test Specimen 6 (Cavity Insulation – Cellulose Fibre) 
Figure 12: Time-Temperature Profiles across the Cross-section of Test 
Specimens 3 to 6 
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(a) Test Specimen 3 (No Cavity Insulation) 
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(b) Test Specimen 4 (Cavity Insulation – Glass Fibre) 
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(c) Test Specimen 5 (Cavity Insulation-Rock Fibre) 
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(d) Test Specimen 6 (Cavity Insulation – Cellulose Fibre) 
Figure 13: Deflection-Time Profiles of Test Specimens 3 to 6 
 
Note: L.D. Stud 1/2/3: Lateral-deflection time profiles of Stud 1/2/3; A.D.: Axial 
deformation of studs 
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(a) Test Specimen 7 (Glass Fibre as External Insulation) 
 
 (b)Test Specimen 8 (Rock Fibre as External Insulation) 
 
(c) Test Specimen 9 (Cellulose Fibre as External Insulation) 
Figure 14: Test Specimens 7 to 9 after the Fire Test  
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(a) Test Specimen 7 (Glass Fibre as External Insulation) 
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(b) Test Specimen 8 (Rock Fibre as External Insulation) 
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(c) Test Specimen 9 (Cellulose Fibre as External Insulation) 
Figure 15: Time-Temperature Profiles of Plasterboard Surfaces in  
Test Specimens 7 to 9 
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(a) Test Specimen 7 (Glass Fibre as External Insulation) 
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(b) Test Specimen 8 (Rock Fibre as External Insulation) 
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(c) Test Specimen 9 (Cellulose Fibre as External Insulation) 
Figure 16: Time-Temperature Profiles across Studs in Test Specimens 7 to 9 
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(a) Test Specimen 7 (Glass Fibre as External Insulation) 
 
 
(b) Test Specimen 8 (Rock Fibre as External Insulation) 
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(c) Test Specimen 9 (Cellulose Fibre as External Insulation) 
Figure 17: Time-Temperature Profiles across the Cross-section of Test 
Specimens 7 to 9 
40 
 
-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00
10.00
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
Time (min)
D
ef
le
ct
io
n 
(m
m
)
L.D. Stud 1 L.D. STUD 2 L.D. Stud 3 A.D.
 
(a) Test Specimen 7 (Glass Fibre as External Insulation) 
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(b) Test Specimen 8 (Rock Fibre as External Insulation) 
-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00
10.00
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Time (min)
D
ef
le
ct
io
n 
(m
m
)
L.D. Stud 1 L.D. Stud 2 L.D. Stud 3 A.D.
 
(c) Test Specimen 9 (Cellulose Fibre as External Insulation) 
Figure 18: Lateral Deflection -Time Profiles of Test Specimens 7 to 9 
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Table 1: Details of Wall Specimens 
 
Category Specimen No. Configuration Objective 
I 
1  
To study the effect of single layer of 
plasterboard (1x1) on both sides of frame on 
the fire rating of wall specimens 
2  
To study the effect of vertical joint in the 
exposed plasterboard over the central stud. 
II 3 
 
To study the effect of dual layers of 
plasterboard (2x2) on both sides of frame on 
the fire rating of wall specimens 
III 
4 
 
To study the effect of glass fibre used as 
cavity insulation in a wall specimen with two 
layers of plasterboard (2x2). 
5 
 
To study the effect of rock fibre used as 
cavity insulation in a wall specimen with two 
layers of plasterboard (2x2). 
6 
 
To study the effect of cellulose fibre used as 
cavity insulation in a wall specimen with two 
layers of plasterboard (2x2). 
IV 
7 
 
To study the effect of glass fibre used as 
external insulation in a wall specimen with 
two layers of plasterboard (2x2) 
8 
 
To study the effect of rock fibre used as 
external insulation in a wall specimen with 
two layers of plasterboard (2x2) 
9 
 
To study the effect of cellulose fibre used as 
external insulation in a wall specimen with 
two layers of plasterboard (2x2) 
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Table 2: Central Stud Temperatures of Test Specimens 1 and 2 
 
Test 
Specimen 
 
     Time 
 
Temp. 
30 
(min) 
60 
(min) 
90 
(min) 
120 
(min) 
150 
(min) 
180 
(min) 
1 
(Without 
Joint) 
HF 282 524 573 603 634 677 
W 231 465 531 576 606 643 
CF 182 416 495 560 591 628 
2 
(With 
Joint) 
HF 263 504 683 847 930 957 
W 212 439 553 648 720 782 
CF 164 390 517 648 724 787 
Note: HF – Hot Flange, W – Web, CF – Cold Flange  
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Table 3: Hot Flange Temperature versus Time for Central Stud 
 
Hot Flange 
Temperature 
(oC) 
Time in Minutes 
Specimen 3 Specimen 4 (Cav. Ins. GF) 
Specimen 5 
(Cav. Ins. RF) 
Specimen 6 
(Cav. Ins. CF) 
400 100 78 74 91 
500 144 91 82 106 
600 218 107 97 125 
700  119 115 139 
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Table 4: Failure Times of Wall Components in Minutes 
 
Specimen Pb1:Fall 
off time 
Pb2:Time at 
partial/full 
collapse 
Period of 
insulation 
failure 
Local buckling 
of Central Stud 
Hot Flange 
4 132 148 124 to 150 125 
5 124 145 145 to 170 145 
6 137 146 145 to 155 145 
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Table 5: Hot Flange Temperature versus Time for the Central Stud 
 
Hot Flange 
Temperature 
(0C) 
Time in Minutes 
Specimen 7 
(Insulation:GF) 
Specimen 8 
(Insulation:RF) 
Specimen 9 
(Insulation:CF) 
400 117 142 122 
500 148 160 132 
600 159 178 140 
700 175 189 151 
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Table 6: Failure Times of Wall Components in Minutes 
 
Specimen Pb1: 
Fall off 
time 
Period of insulation 
failure  between Pb1 
and Pb2 
Pb2: 
Fall off 
time 
Pb3: 
Fall off 
time 
Period of insulation 
failure  between Pb3 
and Pb4 
7 167 85-95 198 200 204-210 
8 145 180-190 200 204 205-210 
9 125 125 163 184 185-188 
 
 
 
 
 
 
 
 
